Introduction supernatant. The tubes were then centrifuged at Fura-2 is a fluorescent calcium indicator which has 1050 g for 25 min (22°C) and the supernatant of been used to measure the concentration of free intraplatelet-poor plasma removed, before washing twice cellular calcium ([Ca 2+ ) int ) in a wide variety of cell with HEPES-buffered saline (pH 7.4). Following the types. The excitation spectra of the dye exhibits a final wash the buffy coat of white blood cells was shift in the maximum fluorescence from 380 nm to removed from the top of the precipitated red blood 340 nm upon binding calcium, which allows the cells and the latter were re-suspended in the approratio of the fluorescence excited by light of 340 nm priate medium. and 380 nm to reflect [Ca 2+ ] int , regardless of the concentration of dye used.
Measurement of the excitation spectra of Fura-2 Studies using this dye have reported that [Ca 2+ ] int is higher in lymphocytes, 1 platelets 2 and red blood In vitro measurements were made on solutions of cells 3 of essential hypertensives than in the correvarying calcium concentration containing 1 M of sponding cells from normotensives. The demonFura-2. Three millilitres of each solution, previously stration of this difference in red blood cells is of equilibrated to 37°C, were placed in a cuvette which particular interest, since these cells have no intrawas introduced into the sample chamber of a Perkincellular organelles, suggesting that there is an abnorElmer LS50 spectrofluorometer and maintained at mality in plasma membrane calcium handling in 37°C. For the excitation spectra measurements the essential hypertension.
emission wavelength was set to 510 nm with an However, the high concentration of haemoglobin emission band width of 10 nm. within red blood cells may influence the properties
The excitation spectra of Fura-2 was studied in of Fura-2, since binding to intracellular proteins and the presence of several different EGTA-calcium bufchanges in intracellular viscosity can cause signififers which covered a range of free calcium concencant changes in the calcium affinity and fluortrations. 6 To investigate the effects of haemoglobin, escence spectrum of the dye.
4,5 Previous studies 0.034 and 0.34 g/dL haemoglobin were added to have not addressed these issues in full.
these solutions. As no values for the association conThe fluorescence spectra and calcium binding stants of haemoglobin with EGTA or calcium were affinity of Fura-2 were therefore investigated after available, no attempt was made to correct for these incubation with haemoglobin alone and following interactions. The affinity constant (K d ) of the Furaloading red blood cells with the cell permeant ace-2-calcium complex was calculated as previously tyl-methyl ester form of the dye. In this way the described. ] int using determined.
Fura-2
Fura-2 was introduced into the red blood cells using
Materials and methods
the acetyl-methyl ester form of the dye. Intracellular enzymes cleave this molecule to release free Fura-2, Preparation of human red blood cells which consequently accumulates within the cell. Blood was collected into vacutainer tubes contain-
The red blood cells were loaded with the dye as preing potassium EDTA and centrifuged at 240 g for viously described, 4 but in the presence of 5 mM pyruvate which is reported to bypass the metabolic block caused by formaldehyde released upon cleavage of the ester form of the dye within red blood cells. 
Results
shift is reduced (352 ± 3 to 334 ± 5 nm) in the presThe effect of haemoglobin upon the properties of ence of 0.034 g/dL haemoglobin and completely Fura-2 abolished (314 ± 4 to 316 ± 1 nm) in the presence of 0.34 g/dL haemoglobin. The presence of 0.034 g/dL Figure 1a shows the excitation spectra of Fura-2 in haemoglobin also significantly increased the K d for a range of different calcium concentrations from calcium binding of Fura-2 from 104 ± 3 nM to 0 nM to 30 M. The maximum fluorescence inten-193 ± 19 nM (P = 0.002 using unpaired Student's tsity increases as the concentration of calcium rises test; n = 4). The K d in the presence of 0.34 g/dL haeand the wavelength of the exciting light causing moglobin could not be accurately determined. maximum fluorescence shifts from 363 ± 2 nm, Figure 1 The effect of haemoglobin upon the excitation spectra of Fura-2. Ca-EGTA solutions prepared with free calcium concentrations of 0, 11, 26, 45, 70, 105, 244, 419, 941 and 30 000 nM were incubated with Fura-2 in the presence of varying concentrations of haemoglobin. The superimposed excitation spectra are shown: (a) in the absence of haemoglobin, (b) in the presence of 0.034 g/dL haemoglobin; and (c) in the presence of 0.34 g/dL haemoglobin. Spectra shown were recorded on the same day using the same stock Ca-EGTA solutions and are typical of four such experiments performed.
The excitation spectra of Fura-2 loaded into red release Fura-2 into the extracellular media, incubated in the same EGTA-calcium buffers are shown.
blood cells
In both these cases a rise in calcium concentration The effect upon the excitation spectra of Fura-2, increases the maximum fluorescence intensity and when incubating Fura-2 loaded red blood cells in a causes a shift to shorter wavelengths. range of different extracellular calcium concentrations (11 nM-30 M) in the presence of ionomycin is shown in Figure 2b . This procedure should Discussion allow the [Ca 2+ ] int of the red blood cells to equilibrate with the extracellular calcium concentration. HowWhen Fura-2 was loaded within red blood cells the excitation spectra of the dye did not change when ever, there was no increase in the maximum fluorescence intensity nor was there any wavelength shift [Ca 2+ ] int was altered using ionomycin. However, when the cells were lysed, releasing the Fura-2 into in the excitation spectra of the Fura-2 within the red blood cells.
the extracellular media, the changes in the excitation spectra upon raising the calcium concenFor comparison, the excitation spectra of free Fura-2 (Figure 2a ) and Fura-2 loaded red-blood cells tration returned to those seen with free Fura-2. The excitation spectra and binding affinity for callysed with Triton X-100 (Figure 2c ), which should Figure 2 The effect of incubation in solutions of different free calcium concentrations on Fura-2 loaded red blood cells in the presence of ionomycin. Ca-EGTA solutions were prepared such that the final free calcium concentrations were 11, 48, 111, 267, 1000 and 30 000 nM. The superimposed excitation spectra are shown: (a) of free Fura-2; (b) of Fura-2 loaded red blood cells incubated in the presence of 2 M ionomycin for 60 min; and (c) of the same cells subsequently lysed with 0.2% Triton X-100. The spectra shown were all performed on the same day using the same stock of Ca-EGTA solutions and were typical of 12 such experiments performed. 
